Quantum interference (QI) effects in molecular junctions may be used to obtain large thermoelectric responses. We study the electrical conductance G and the thermoelectric response of a series of molecules featuring a quinoid core using density functional theory (DFT), as well as a semi-empirical interacting model Hamiltonian describing the π-system of the molecule which we treat in the GW approximation. Molecules with a quinoid type structure are shown to have two distinct destructive QI features close to the frontier orbital energies. These manifest themselves as two dips in the transmission, that remain separated, even when either electron donating or withdrawing side groups are added. We find that the position of the dips in the transmission and the frontier molecular levels can be chemically controlled by varying the electron donating or withdrawing character of the side groups as well as the conjugation length inside the molecule. This feature results in a very high thermoelectric power factor S 2 G and figure of merit ZT , where S is the Seebeck coefficient, making quinoid type molecules potential candidates for efficient thermoelectric devices.
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Quantum interference (QI) effects in molecular junctions may be used to obtain large thermoelectric responses. We study the electrical conductance G and the thermoelectric response of a series of molecules featuring a quinoid core using density functional theory (DFT), as well as a semi-empirical interacting model Hamiltonian describing the π-system of the molecule which we treat in the GW approximation. Molecules with a quinoid type structure are shown to have two distinct destructive QI features close to the frontier orbital energies. These manifest themselves as two dips in the transmission, that remain separated, even when either electron donating or withdrawing side groups are added. We find that the position of the dips in the transmission and the frontier molecular levels can be chemically controlled by varying the electron donating or withdrawing character of the side groups as well as the conjugation length inside the molecule. This feature results in a very high thermoelectric power factor S 2 G and figure of merit ZT , where S is the Seebeck coefficient, making quinoid type molecules potential candidates for efficient thermoelectric devices.
I. INTRODUCTION
Calculations suggest that quantum interference (QI) effects in molecules give rise to a large tunability of the electron transport properties of molecular junctions. These effects induce a strong variation of the transmission with energy, which is favourable for thermoelectricity, where an electric current or potential difference develops in rea) Electronic mail: strange@chem.ku.dk sponse to a temperature difference across the molecule [1] [2] [3] . Well studied QI molecular units usually involve either cross conjugation and/or meta coupled phenyl units [4] [5] [6] [7] [8] .
Molecules such as anthraquinone, have recently been shown to exhibit destructive QI effects in a molecular junction 9, 10 . A simple nearest-neighbour tight-binding model of the π system has been used to rationalise the QI effects. Moreover, schemes have been developed to make predictions based on sim-ple graphical rules 11, 12 . The sign of the thermopower has been suggested to provide information of whether the transport is mainly via occupied -or unoccupied molecular states 1 .
To obtain a strong thermoelectric response, Here we explore the electron transport properties of cruciform molecules with a quinoid type structure by varying the electron donating (ED) and electron withdrawing (EW) character of substituent side groups.
We study the low bias conductance G as well as the ability of the molecules to convert thermal energy into electric energy by applying a temperature difference across the molecular junction. We find, based on den- 
is given in terms of the lead α self-energy Σ α . We calculate the isothermal conductance in the zero bias
is the derivative of the Fermi function with respect to energy. T is the temperature and G 0 = 2e 2 /h is the unit of quantum conductance, where h and e are Planck's constant and the electronic charge, respectively. We calculate the thermopower in the limit of low temperature drop across the molecule from the transmission as 
III. RESULTS
We begin by considering a simple model for the quinoid structure is seen to reach a value that is an order of magnitude higher than both meta and para coupled benzene.
In fact the PF for the quinoid is comparable to the maximal PF that can be ob- It can be seen that a transmission dip can We argue that the central quinoid core structure is responsible for the two transmission nodes. This can be seen either based on graphical rules developed to predict QI This may be seen by first considering the condition for the transmission going to zero,
Here the Green's function G lr describes the probability amplitude for an electron or hole propagating through the molecule to a site l from a site r on the molecule, which are connected to the left and right lead, respectively. Then, by expressing G lr in terms of the molecular (uncoupled)
we see that a necessary condition for a transmission zero is that G mol lr is zero for some energy. The denominator in the expression
In the spectral representation G mol lr may be expressed in terms of molecular orbitals {ψ n } and energies {ε n } as
where η is a positive infinitesimal. The elements l|ψ n and r|ψ n give the amplitude of the n'th molecular orbital on site l and r, respectively.
From Eq. (1) This is larger than, but comparable to our GW result for the quinoid model and about 60% higher than the maximal value of a single level model with a Lorentzian line shape, In Figure 8a we show the π system contribution to the transmission for M5, from which it is clear that a second interference feature is present at −2.5 eV below the Fermi level.
However, since this is not within the HOMO-LUMO gap it is not relevant. By inspecting the frontier molecular orbitals in Figure 8b we see that that while the LUMO is the same as for M1, the HOMO is not. and ZT evaluated at the Fermi level, (ZT) E F , and (P F ) max in Table I . Here we clearly see 
Appendix B: Thermoelectrics
The transport coefficients relevant for thermoelectricity is written as
in terms of the function
where n F (ε) = (exp((ε − µ)/k B T )) + 1) 
where Γ gives the broadening and ε a is the level position. We assume a temperature of T = 300K unless otherwise stated. In Figure   11a we show the maximal power factor as a function of Γ. The level position relative to the Fermi level yielding the maximal power factor for a given Γ is shown in Figure 11b .
We have used a temperature of 100K (blue onances with a with of about k B T /2 and the level energy positioned about 2.5 k B T away from the Fermi level, see Figure 11d . We obserbe that while (ZT) max diverges in the limit of zero broadening for κ ph = 0 pW/K the highest possible value for a finite κ ph , quickly decreases.
